Section of Neurology 11 seen a porencephaly in which the detailedhistory of the occurrence of an embolism in the course of mitral stenosis many years before, was available. And if embolism can cause porencephaly, then thrombosis and arterial obstruction of any kind can produce it also, and this is, in my opinion, the usual cause of porencephaly. But there must also be other causes, for I have seen a porencephaly in an adult, who never at any time showed any signs of cerebral defect and who died of tuberculous meningitis. In this case the porencephaly must have arisen from a cyst formation, which neither interfered with the cerebral elements nor caused any rise in the intracranial pressure. In diplegia, small, and sometimes multiple, cyst formation is found, which is called porencephaly. I believe that these formations originate from the collection of fluid in degenerating and sclerosing tissue and that they are secondary to the sclerosis. In the few instances in which large porencephalies are found in the brains of diplegic subjects, I think that these are due to associated vascular lesions, as was proved in one of Freud's cases. The results of encephalitis do not for the most part resemble diplegia sufficiently to give rise to confusion between the two conditions. When the similarity is close, the history of an acute onset with pyrexia and perhaps convulsion, rapidly followed by a paralysis which is most marked at first, and thereafter tends to lessen, should leave little room for error in diagnosis. Finally, I submit that the essential anatomical cause of diplegia is a primary neuronic degeneration due to factors which are at present entirely elusive, with the exception of rare cases in which syphilitic infection of the brain is certainly the provoking agent. This conception of the pathogenesis seems to me to be compatible with all the pathological evidence whicb has been recorded and to explain best the symptomatology and clinical aspect of this class of diseases.
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Pathological Findings in the Central Nervous System of a Case of Myasthenia Gravis.' By Dr. Y. A. BARRADA.
(Introduced by Sir FREDERICK MOTT, K.B.E., M.D., F.R.S.) I AM greatly indebted to Sir Frederick Mott for kindly placing at my disposal the material of this case, and for many suggestions and valuable advice in the investigation of it.
The main object of this paper is to demonstrate some changes found in the central nervous system of a case of myasthenia gravis that may throw some light on the mechanism underlying the symptoms manifested in this disease.
The patient joined the Army on August 13, 1914. Major Walshe's report from Or,va-el-Waska is as follows " July 26, 1918.-While on the Palestine Front in June, 1918, he began to notice his legs were weak, so that he could not throw his leg across his horse, but had to be helped on. A very short walk "did him in completely"; he felt weak as a child.
No pain or parnesthesie accompanied this progressive weakness of all his limbs. Two weeks later fluids began to return through his nose, his voice went, chewing his food became almost impossible, and after two or three mouthfuls he had to stop. There were no ocular symptoms, no history of infection of any kind, no sore throat. " On examination: Viscera healthy, general condition good. Nervous system: Cerebration and special senses normal. Cranial nerves: Third, fourth and sixth normal at present; fifth masseters and temporals exceedingly feeble; the finger can be inserted between his teeth with impunity, so feeble is his bite. No sensory change. Seventh, marked double facial paresis; ninth, eleventh, paresis of palate, larynx and pharynx. The whole musculature is very weak and readily fatigued; no group of muscles in the limbs or back is specially picked out. Sensation normal. Reflexes all normal. 'An early case of myasthenia gravis' was diagnosed."
August 28, 1918.-Admitted to H.S. Mahero. Report of medical officer on ship:
" This man suffering from myasthenia gravis is liable to attacks of respiratory failure. . . . He is unable to swallow thin fluids, as they regurgitate through his nose, "Previouts history: Leather dresser; always healthy; 12 months ago weighed 13 st. 2 lb. Family history: Good. Present condition: He lies on his back in bed with his head propped up; the head has a tendency to fall back. The forehead is smooth. Ptosis of the right eye (partial). The upper lip is retracted, the corner of the mouth drooped: lips parted ( fig. 1 ). On smiling the corners of the mouth remain drooped and the sinile has the appearance of a sneer. Voluntary power: Unable to wrinkle the forehead or close the eyes firmly or whistle or blow out the cheeks. Is not able to masticate food. He is on slop diet. No regujgitation of food while in hospital. His tongue is soft and flabby, tremulous, and has longitudinal furrows. His speech is good in the morning; but towards evening the muscles of articulation tire and the voice becomes slurred. The intercostal and other respiratory muscles are affected. The expansion of the chest is only i in. The muscles get rapidly fatigued. He has diplopia, which is not constant in position. The heart sounds are feeble, pulse slow, 63 per minute, easily compressed. Reflexes: Abdominals present; cremnasterics not obtained; knee-jerk absent; plantar flexor. Section of Neurology 13 increase of lymphocytes. Patient is able to get out of bed and walk with assistance a few yards. " February, 1919.-Patient was feeling well on the 4th and went to a cinema and came back still feeling well and happy. About 2 a.m. the next day he complained of pain in left chest, and did not sleep well; 11 a.m.: he had an attack of dyspncea, which continued in spite of continuous inhalation of oxygen up to his death in the afternoon. His muscles of respiration gradually failed, until he had hardly any chest movements. The notes state that he died of syncope."
The post-mortem examination was made by Major Collins the same day. The weather was cold and, therefore, the microscopic changes which will be described were not due in all probability to post-mortem changes.
The parts examined were: the thymus, pieces of the orbicularis oculi, the masseter, the diaphragm, and the heart muscles. Of the central nervous system sections were prepared from the leg, arm, and face areas of the ascending frontal and parietal convolutions, the thalamus, the mid-brain, the pons and the medulla oblongata, the cerebellum and the spinal cord. Unfortunately no other tissues were obtainable.
1W.#3Ff. Thymus: The gland is greatly enlarged and weighs more than 70 grm. It is completely surrounded by a thick fibrous capsule. Microscopically there is no distinction between cortex and medulla, and only a few fibrous bands can be seen traversing the cellular tissue, which consists mainly of lymphocytes and epithelioid cells, the former predominating throughout, and only in small areas are they comparatively less dense. The epithelioid cells have large vesicular nuclei and faintly stained cytoplasm. In clear areas, where there are comparatively few lymphocytes, the protoplasm of the adjacent cells could be seen continuous with one another. The sections exhibit plenty of spaces filled with more or less clear eosin-stained material, and containing some epithelioid cells undergoing colloid degeneration, and few lymphocytes. These spaces are lined by the epithelioid cells, which, around many spaces, are arranged in a layer of fusiform cells with the long axis perpendicular to the circumference of the space (fig. 2 ). Evidence of mitosis can also be seen in the epithelioid cells. No eosinophil cells are found, and only few Hassall's corpuscles, and these are swollen and degenerated. The capillary blood-vessels are not very numerous. They are lined by unbroken endothelium and contain some lymphocytes. Few blood-vessels show perivascular spaces filled with lymphocytes and distinctly lined outside by a layer of endotheli-um.
Muscles: Nothing abnormal could be discovered in the orbicularis oculi, the masseter or in the heart muscle. In the diaphragm numerous foci of lymphocytic infiltration are found lying in between the muscle fibres. In some of these lymphorrhages (as Buzzard has named them) a blood-vessel may be seen with lymphocytes filling the perivascular space, and in a longitudinal section of the vessel, a perivascular infiltration of lymphocytes can be traced to a considerable distance from the main mass of lymphorrhage ( fig. 3 ). These foci vary much in size, and where they are big enough, they push aside the muscle fibres, but do not invade them. The muscle fibres themselves appear quite normal throughout.
The nerve terminations in the masseter and orbicularis muscles were stained by Dogiel's method with intra vitam methylene blue (Plate I, figs. 1, 2). The muscles and the nerve fibrils and their terminals appear to be normal. The fact that this staining was so successful is an indication that the tissues were fresh and that the nervous system was placed in a fixative fluid before autolytic processes had had time to occur. This fact is of considerable importance in regard to the appearances of the cells when stained by Scharlach. Central Nervous System: Cerebral cortex with Nissl's and toluidin blue and eosin methods, the cells in all the layers of the cortex exhibit diminution in the basophil substance. They take up the stain lightly and present deficiency in Nissl granules especially around the nuclei (perinuclear chromatolysis). The nuclei retain for the most part the central position. Here and there one or two satellite cells m'ay be seen in proximity to a ganglion cell, but there is no excess of neuroglia. In Scharlach preparations fine lipoid granules are observed in the cells unequally distributed in the different layers of the cerebral cortex., They are most marked in the outer molecular layer, where they nearly fill the whole cytoplasm around the nuclei. The Betz cells show these granules relatively to a lesser extent than the outer molecular layer but more than the cells of the pyramidal layers. The lipoid granules in the giant cells are aggregated in a part of the cell, generally towards the base; a few Scattered granules are also present, which diminish as they recede from the main aggregate (Plate II). Lipoid granules are also observed in the perivascular spaces. The granules stain deep blue with Nile blue stain. 
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The thalamus shows the same changes in the small and the large multipolar cells, but to a very marked extent, and indeed more than in any other part of the central nervous system. The Nissl granules are almost completely absent, the cytoplasm is vacuolated and the nuclei are swollen and eccentric. There are clear spaces in the cells which represent the location of the lipoid granules. There is marked invasion by satellite cells, with excess of neuroglia (Plate III). With Scharlach R. stain, the lipoid granules are seen occupying a great part of the cell and sometimes almost filling the cytoplasm. This may be partly due to autolytic processes occurring before the fixative fluid had time to penetrate the deeper structures of the brain; but against this these lipoid granules are not seen in brains of cases from shell shock. If these changes are due to the asphyxia preceding death one would have expected similar changes throughout the central nervous system, but this was not so. Again where the lipoid granules are most marked in the cells, there the Nissl granules are most affected and vacuolation in xylol preparations most obvious. The perivascular spaces also contain the lipoid granules. With Nile blue stain the granules are deep blue in colour.
In the third nerve nucleus, there is marked perinuclear chromatolysis, the cells are swollen, with eccentric nuclei ( fig. 4) . Invasion by satellite cells may also be observed. In Scharlach preparations, the lipoid changes are also marked in the cells, and the perivascular spaces contain the lipoid (Plate IV, fig. 1 ).
Near the middle line, anterior to the oculomotor nucleus and to one side of a blood vessel, is a homogeneous mass, probably coagulated lymph; similar but minute scattered patches are also obseryed in the mid-brain, some distance from the bigger mass.
The fourth nerve nucleus presents similar but less marked changes than those of the third.
The seventh nerve nucleus, on the whole, shows very little basophil changes, although a few cells may present varying degrees of chromatolysis.
The same may be said of ninth, tenth, eleventh and twelfth nuclei.
In the spinal cord, the anterior horn cells present only slight basophil diminution, but here and there, a few cells can be found to show marked chromatolysis with eccentric nucleus and swollen vacuolated cytoplasm.
The posterior horn cells on the other hand present distinct chromatolysis. With Scharlach the lipoid granules of the anterior horn cells form more or less sharply defined aggregates sitiated to one side of the nucleus; some Nissl granules may be observed at the periphery of the cell (Plate IV, fig. 2 ).
It may be noted that there is generally a correspondence between the amount of chromatolysis and of lipoid change; the parts in the central nervous system which suffer more from the former present more changes in the latter.
Cerebellum: The Purkinje cells were found more swollen than normal, with diminution of basophil substance; the granules were especially deficient around the nuclei.
There is a general congestion of blood-vessels throughout the central nervous system, but there are nohemorrhages. No lymphorrhages could be found anywhere.
It may be concluded, therefore, that there is a general diminution of basophil substance throughout the central nervous system, and there is also similar widespread lipoid change.
REMARKS.
Since Weigert described, in a case of myasthenia gravis, cell infiltrations of the muscles which he regarded as metastases from a so-called lymphosarcoma of the thymus, many observers have subsequently reported similar changes in the muscles, which they, however, interpreted otherwise. Buzzard in particular [1] , who thoroughly investigated a number of cases, described in detail these infiltrations and gave them the name "lymphorrhages." He found them in other organs than the muscles, buthe is not inclined to ascribe the functional disturbances directly to them. He maintained that they were a constant anatomical feature of the disease, and indeed they were reported to exist in the great majority of recent cases. In this case the lymphorrhages were found only in the diaphragm. The muscles themselves were normal in a great number of cases, and where degenQrative changes were detected, they did not involve all the muscles that had been affected clinically, except were there was marked atrophy, and they affected but a small proportion of the fibres. The fact that the thymus has not been found involved in many cases where lymphorrhages have been present would render unlikely the proposition that the thymus is the origin of these lymphocytic foci.
Before 1901, there was no mention of thymic changes in the autopsy records reviewed by Campbell and Bramwell [2]. Since then morbid conditions of the thymus in myasthenia have been forthcoming. These have been classified into (1) simple hypertrophy; (2) hypertrophy with degenerative and proliferative changes; (3) new growths. Bell [5] in 1917 collected fifty-six records of autopsies from the literature published since 1901, twenty-seven of which, i.e., nearly half, were reported with some form of thymic involvement, ten of these as tumours. In the case he described, there was present, in the region of the thymus, what he called a benign thymoma, composed of thymic tissue of feetal origin. Four of the ten tumours of his collection conform more or less to his description and others with little modification would fall in this group. He states that this kind of tumour seems to occur only in myasthenia gravis. The thymus described in the present case resembles in most respects the one that Bell has described. Nervous System.-A great number of post-mortem records of myasthenia have, hitherto, described the nervous system as normal. The most frequent lesions detailed, are hiemorrhages in different parts of the central nervous system, and these have always been considered of agonal nature. Among other less frequent lesions recorded by various authors, are different anomalies of the Many hypotheses have been advanced to explain the pathogenesis of myasthenia gravis.
Oppenheim regarded it as a neurosisa chronic progressive and fatal neurosis [6] , but in view of the discovery of definite pathological lesions associated with the disease, this could no longer be maintained. Collins' sympathetic hypothesis, amongst others, has fallen into disrepute. Buzzard suggested that the clinical manifestations of fatigue might possibly be explained by assuming a diminished functional activity on the part of the sarcoplastic, as compared to the fibrillar elements of the muscles, with the result that the fibrillar constituents, acting at a considerable disadvantage, become readily and rapidly exhausted when excited either by the will or by the faradic current. Knoblauch, after him, advanced the theory that the myasthenic reaction is due to the preponderance of pale, at the expense of red, muscle fibres in myasthenia cases, thus bringing myasthenia into relationship with Thomsen's disease [3] .
Marinesco proposed the theory of "insufficiency of oxidation" with consequent accumulation of insufliciently oxidized products of dissimilation in the circulation and production of chemical alterations in the constitution of the musculature.
The view is gaining ground that myasthenia gravis is due, primarily, to some form of toxin which is either exogenous or endogenous. That myasthenia has been observed after botulism, after taking barium salts, after inhalation of petroleum fumes, chlorine gas, war gas, and after infectious diseases, proves that an external toxin can be the cause. Cases where no external cause can be found are ascribed to some autointoxication or metabolic perversion, some disturbance in the balance of the internal secretions, which exerts a deleterious effect on the functions of the muscles. In this connexion, Kauffmann put forward the view that the cause is a metabolic insufficiency of the hepatic function; and Chvostek ascribed the disease to hypersecretion of the parathyroids. Indeed the endocrine glands, the thymus, parathyroids, suprarenals, hypophysis and thyroid have been separately and collectively blamed by different investigators.
The fact that, in the myasthenic electrical reaction, the muscle reacts well to galvanism after complete exhaustion to faradism would suggest that the primary seat of fatigue is, at least, not only in the muscle. It is unlikely to be in the non-fatiguable nerve fibre in the absence of any satisfactory evidence of the nerve fibres being pathologically involved in this disease; so it may be in the nerve endings. Such supposition finds support in the fact that Griinn is reported to have obtained the reaction of Jolly in a frog injected with yohimbine [8], which is known to paralyse the terminations of motor nerves in the muscles of this animal [9]. This, however, does not exclude the participation of the central nervous system, or even its playing the primary r6le, in the phenomena of fatigue exhibited by the patients in voluntary action. In fact the pathological findings in the cerebrospinal axis in this case strongly suggest such a possibility. For, if the basophil substance is the energy substance of the cells, its diminution results in rapid exhaustibility of neural energy, hence the quick onset of fatigue that is characteristic of myasthenia. The hypotonia that is observed in many cases may be accounted for by such changes as described in the cerebellum. Indeed, Striimpell was not far from being right when he stated that "there is not a single case which is associated with symptoms pointing to parts other than the motor nervous system."
The presence of lipoid granules in the nerve cells is another indication of depressed functional activity of the neurones incidental to a failure of complete oxidation processes [4, 10] .
Pighini, in his special study of the cause of their appearance, concludes that lipoid granules in the nerve cells of old people are products of regressive metabolism, and that hypo-oxidation and pathological processes in which katabolism exceeded anabolism would account for their occurrence; they are probably, therefore, an expression of anabolic hypofunction [10] .
It may be assumed, therefore, that under the influence of some intoxication, or more probably a subminimal deficiency of katalase, the oxidation processes in the cell and its dendrons become deficient, and the anabolic do not keep pace with the katabolic processes involved in functional activity, and consequently rapid fatigue which may be primarily central sets in; but if a very short time is allowed after tiring a certain group of muscles which is not markedly paretic, it can resume work with a good amount of strength. The hypofunction from defective oxidation processes, however, may vary in intensity, and it may amount to suspension of function; and thus may be explained the temporary paralyses that are met with and the improvements that often occur in the course of the disease.
My thanks are due to Mr. Geary for taking the photographs and for his constant and ready help throughout my work in the laboratory.
